The compound N-(4-amino-1-methyl-5-nitroso-6-oxo-1,6-dihydropyrimidin-2-yl)-(s)-glutamic acid (H 3 L) was synthesised and structurally characterised by analytical methods and 
Introduction
Environmental contamination from a wide variety of sources has become an increasingly serious problem in recent years. Activated carbons have been extensively used for the purification or recovery of pollutant metals in waste waters [1] [2] [3] . In recent works [4, 5] , we have described a new method to add chemical functionality to the surface of an active carbon based on adsorbing the above-mentioned model compounds on it. That adsorption, which takes place when pyrimidine residues interact with carbon arene centres, favours adsorbed compounds acting as metal-ion receptors. This method provides specific chemical functionalization of the carbon surface provided by the substituent existing at the C2 position of the pyrimidine.
Previous results point out that in the case of analogous molecular compounds derived from single amino acids L-alanine, L-valine, L-methionine, L-serine and L-glycylglycine, the adsorption capacity of adsorbents AC-molecular receptors to different metal ions was improved in relation to AC. It was also proved that this fact is due to the metal-binding capacity of the carboxyl function existing at the C2 substituent [6] .
The model compound N-2-(4-amino-1,6-dihydro-1-methyl-5-nitroso-6-oxo-pyrimidin,2-yl) L-glutamic acid, H 3 L (Scheme 1), shows the metal binding bicarboxylate COO À -CHR-CH 2 -CH 2 -COO À at the C2 position of the pyrimidine moiety. Thus, it is expected that the metal binding ability of the amino acid residue would improve the single monocarboxyl function existing at the single amino acid derivatives previously studied. In this work, we present the synthetic procedure for the H 3 L compound and its structural characterization by thermal analysis, NMR and UV-Vis spectroscopy. The coordinating behaviour of H 3 L to Zn(II), Cd(II), Cu(II) and Mn(II) metal ions has been recognized by studying the reactivity of the different H 3 L/metal systems. The aim of this recognition was establishing the experimental conditions at which the bi-carboxyl function of the adsorbed ligand on an activated carbon is operative to metal ions, and also providing the thermodynamic properties of such a function for the above-mentioned metal ions. Reactivity studies were carried out using potentiometric, 13 C NMR and UV-Vis methods. The structure of the {[Cd(HL)H 2 O] Á 3H 2 O} n complex, which was solved by X-ray single crystal methods [7] , is also reported.
Results and discussion
2.1. Synthesis and characterization of the molecular receptor H 3 L was prepared by a synthetic procedure [8] consisting of condensation of L-glutamic acid and 4-amino-1,6-dihydro-1-methyl-5-nitroso-6-oxo-pyrimidine [8, 9] ; this reaction takes place by the nucleophilic attack of the a-NH 2 amino group of L-glutamic acid on the C2 atom of the pyrimidine [8, 9] . The structure of H 3 L was determined by 1 H-1 H, 1 H-13 C and 1 H-15 N bi-dimensional spectra (see Section 4). Assignments are in accordance with the structural data of the H 3 L unit, which were obtained by single X-ray diffraction methods [8] .
The pyrimidine moiety shows alike structural and electronic features to a series of analogous compounds obtained by condensation of the above-mentioned pyrimidine derivatives with a series of single amino acids [10] . These data show extensive p-electron delocalization at the cyclic moiety which also involves the C2NH 2 , C6O, C5NO and C4NH 2 exocyclic substituents. The somewhat long bond length values in the NH-C2-N3-C4-NH 2 fragment and the short bond distances in the C5NO grouping point out the location of a positive charge at the former fragment, and a negative charge at the latter; for example, the bipolar character of the aromatic moiety. These features have already been observed in the case of analogous amino acid derivatives [10] (Scheme 2).
Ligand protonation
The Brö nsted acid-base behaviour of H 3 L in aqueous solution was studied as a previous step on the study of the reactivity of the H 3 L/metal ion systems in aqueous solutions. The protonation pattern of the ligand was also determined by following the dependence of the 13 C NMR signals of a H 3 L solution on pH.
The protonation equilibrium of the ligand in solution (0.1 mol dm À3 KCl, 25°C) within a 2.5-10.5 pH range was determined by a potentiometric method (see Section 4) and results are reported in Table 1 .
Distribution plots of the protonated species of the ligand were obtained from the data of Table 1 and are shown in Fig. 1 . The tri-anion L 3À , which exists at high pH values, binds four protons in the pH range investigated (2.0-10.5). In the case of the ligand/Cd 2+ system, the difference spectra shows a negative band at ca. 338 nm in the 2.5-6.0 pH range whereas zero absorbance is obtained in the whole UV region in the 6-10 pH range (see Fig. 6c ). The shape of the plot of the absorbance difference values versus pH at the above wavelength is consistent with the potentiometric hypothesis. Thus, the appearance of a band at 338 nm in the UV difference spectra in the low pH range indicates that in the main existing species [Cd 2 (H 2 L)] complexes taking place at a pH value of ca. 3 (see Fig. 4c ) is accompanied by the shielding of the methylene carbon atoms and also the carboxyl ones. This indicates the existence of a carboxylate-Cd 2+ interaction in the above complexes. The observed shielding, which is clearly stronger for the carboxylate groups than for methylene, can be explained by the stronger ionic character of the carboxylate-Cd 2+ interaction than the carboxylate-proton one. Very different behaviour is observed in the cases of the H 3 L/Zn 2+ and H 3 L/Mn 2+ systems in aqueous solutions. The difference spectra of both systems, in the 200-400 nm UV region were obtained in the 2.3-10.5 pH range and in the 2.7-10.1 pH range, respectively. The negligible differences in absorbance observed in all of the wavelength range in the two systems prove that complexes having the ligand coordinated through the basic conjugated atoms are not formed in any of the two systems. This proves that complexes detected in the potentiometric studies of these two systems, contains the ligands coordinated through the carboxylate groups (see above).
Conclusions
The results obtained from the above reactivity studies have provided the needed information (see above) to further interpret the adsorption properties to metal ions of the anchored ligand at the graphitic surface of activated carbon [15] . The whole reactivity data point out that H 3 L behaves as a bi-functional ligand. In the low pH range, the only operative function is the C6O-C5NO grouping. This supports the formation of the five-member chelate complexes detected in this pH range with all the studied metal ions, excluding the Mn 2+ and Zn 2+ ions. In the last cases, the potentiometric and UV spectroscopic data ruled out the formation of a complex of this type. Nevertheless, the crystal structure of a Mn 2+ complex with a pyrimidine analogue of H 3 L with the methionine residue at the C2 cyclic atom [13] , shows a supramolecular assembly in which COO À coordinated Mn 2+ ions of each unit interacts with the oxygen atom of the C5NO group of the pyrimidine moiety. All the previous data points out the possibility of the formation of a Mn 2+ complex in the low pH range (also in the H 3 L/ Mn 2+ system), in which the metal ion would be weakly coordinated to the pyrimidine moiety in a similar way. If so, the lack of protic properties of the oxygen atom of the NO group, would be the reason why this complex was not detected with the potentiometric method used in this work.
The deprotonation of the carboxyl functions of the substituent at C2 py of the pyrimidine taking place in the intermediate pH range involves the availability of the carboxylate groups as operative basic functions for the binding to metal-ions. This leads to the formation of mono-and binuclear metal complexes within this pH range, in which one or two of the COO À functions are coordinated to one or two metal ions respectively. Nevertheless, within this pH range, also binuclear complexes of H 2 L À ligand, containing one of the metal ions coordinated to the pyrimidine moiety and the second to a COO À function, are also formed in the case of the Cd 2+ /ligand system. Finally, in the highest pH range of all studied systems, the ligand uses one of the two carboxylate groups as a coordinating basic site, although cooperative coordination of both of them to the same metal-ion does not occur. In the case of the Cu 2+ ion, the ligand also uses the C2 py -N À group as a binding site, together with a COO À group forming chelate complexes. It is noteworthy that the N3 py position displays no affinity to any of the studied metal-ions. This fact, which is consistent with previous observations done with other analogous pyrimidine derivatives [5, 19] , agrees with the typical low electron density existing at the -NH-(C2-N3-C4) py -NH 2 moiety [8, 10] .
In the species distribution diagrams of all the studied systems, it is seen that the deprotonation pH of the most acidic carboxyl groups ( 2+ species) takes place at pH values meaningfully lower than those corresponding to the free ligand (see Fig. 1 ). These results bring up to date the pH values at which the H 3 L ligand anchored on the graphite moiety of an AC (the H 3 L-AC adsorbent) would be operative for the adsorption of metal ions in aqueous solution, although the expected optimum values would be those corresponding to the maximum of the plots for the metal-complexes with the fully deprotonated carboxyl functions, [M 2 HL] 2+ and [MHL].
Crystal structure of {[Cd(HL)H 2 O] Á 3H 2 O} n
The crystal structure of the complex {[Cd(HL)H 2 O] Á 3H 2 O} n was solved by single X-ray diffraction methods. A view of the asymmetric unit and the crystal packing is depicted in Fig. 7 , and selected bond and angles are listed in Table 3 .
The compound consists of 2D molecules containing equivalent hepta-coordinated Cd 2+ centres, each of which is coordinated to one water molecule, to two carboxylate groups of two individual HL 2À molecules (acting as bidentate chelating ligands with the two oxygen atoms in binding position), and to a third HL 2À molecule (also acting as a chelating ligand), using the N atom of the C5NO group and the O atom of the C6O of the pyrimidine moiety as binding sites. Thus, as shown in Fig. 7 , HL 2À anions act as bridging ligands to three different Cd 2+ ions using the pyrimidine moiety and the two carboxylate groups as binding moieties, as it has been previously said. The resulting structure around the Cd 2+ ions can be described as a strongly distorted bipyramid. The distances of the metal ion to the five atoms (the O1, N4, O6, O5 and O3 atoms) in the equatorial plane are similar, and Cd-O3 bonds are widely deviated from the plane. On the other hand, the distances of atoms placed at the apical positions (O4 and O1W), which are also be very alike, are however shorter than the equatorial distances.
The 2D molecules are extended parallel to the c axis and are stacked parallel to one another along the a axis. Noncoordinated water molecules are placed in the inter-planar space, contributing to the stabilization of the 3D framework through their involvement in hydrogen bonding between neighbour molecular planes.
Concerning the organic ligand, it is noteworthy that the N3 cyclic atom of the pyrimidine does not act as donor atom, as observed in several structures of metal complexes of analogous ligands [14, 18, [22] [23] [24] [25] . This fact is in agreement with the dipolar character of the pyrimidine moiety of the H 3 L ligand [8] .
Experimental

Reagents
The anhydrous ligand, H 3 L (C 10 H 13 N 5 O 6 ), was obtained by a synthetic method previously reported [8] . Nanopure water was used as the solvent for potentiometric and spectrophotometric measurements. Standardised KOH, HCl, ZnCl 2 , CuCl 2 and MnCl 2 aqueous solutions (Merck) were also used. All the potentiometric measurements were carried out in 0.1 mol dm À3 KCl as the background electrolyte. 
X-ray structure analyses
Details for data collection and structure refinement are summarized in Table 4 . [7] . The refinement and all further calculations were carried out using SHELXL-97 [7] . The NH and NH 2 H atoms were located from difference Fourier maps and refined isotropically. The water molecule H atoms could be located from difference Fourier maps but in the final cycles of refinement they were constrained to be 0.86 Å and their U iso thermal parameters = 1.5U eq (O atom). The remainder of the H atoms were included in calculated positions and treated as riding atoms using SHELXL default parameters; CH 3 = 0.98 Å , CH 2 = 0.99 Å , CH = 1.00 Å and U iso = 1.5(CH 3 ) or 1.2U eq (parent C atom). The non-H atoms were refined anisotropically, using weighted fullmatrix least-squares on F
2 . An empirical absorption correction was applied using the DELrefABS subroutine in PLATON [27] ; transmission factors T min /T max = 0.426/0.808.
The molecular structure and crystallographic numbering scheme are illustrated in the PLATON [27] drawing (see Fig. 6 ).
Potentiometric measurements
All potentiometric measurements (pH = Àlog [H + ]) were carried out in degassed 0.1 mol dm À3 KCl solutions at 298.1 ± 0.1 K, with a 713 Methrom pH-mV meter, equipped with a combined glass electrode and connected to a Methron 765 Dosimat autoburette (1 ± 0.001 mL).
The experimental procedure used was the same as that described elsewhere [28] . Typically, (1-1.5) Â 10 À3 mol dm À3 ligand concentration and 1:1 ligand/metal molar ratios were employed in the potentiometric measurements. At least four titration experiments (150 data points each) were carried out in the pH range between 2.5 and 10.5. The HYPERQUAD software [16] , was used to calculate the equilibrium constants from the emf data. 
Spectrophotometric measurements
À3
NaOD or DCl solutions were added to a solution of H 3 L to adjust the pD. The pH was calculated from the measured pD values using the following relationship pH = pD À 0.40 [29] . .
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